A growing body of research indicates connections exist between action, perception, and cognition in infants. In the present study, associated changes between sitting ability and upright face processing were tested in 111 infants. Using the visual habituation "switch" task (Cashon & Cohen, 2004; Cohen & Cashon, 2001) , holistic processing of faces was assessed in same-aged non-and near-sitters (22-25 weeks) and same-aged new-and expert-sitters (27-32 weeks). Ushaped relation was found between sitting stage and holistic face processing such that only nonsitters and expert-sitters processed faces holistically. It is posited that the results are due to a reorganization of the upright face processing system resulting from infants' learning to sit independently and trying to incorporate the meaning of upright faces. Keywords infant development; face perception; sitting; posture; U-shaped development; overload; reorganization It has long been theorized that motor experience, perception, and cognition are intertwined during development (Adolph, 1997; Campos et al., 2000; Gibson, 1988; Piaget, 1952; Thelen, 1990) . A resurging interest in this topic and a growing body of literature now supports notions of the interconnectedness between action and other areas of early development (e.g., Campos, Bertenthal, & Kermoian, 1992; Cicchino & Rakison, 2008; Higgins, Campos, & Kermoian, 1996; Meltzoff & Brooks, 2008; Needham, Barrett, & Peterman, 2002; Perone, Madole, Ross-Sheehy, Carey, & Oakes, 2008; Sommerville, Hildebrand, & Crane, 2008; Sommerville, Woodward, & Needham, 2005; Soska, Adolph, & Johnson, 2010; Uchiyama, et al., 2008) . These findings highlight the importance of studying the roles that action or physical experience play in other areas of development in infancy (see also Rakison & Woodward, 2008) .
A considerable number of studies linking action and other areas of development in infants have focused on locomotive skills (e.g., see Campos et al., 2000) . Locomotion has been shown to be related to changes in social cognition (Meltzoff & Brooks, 2008) , the encoding of self-propelled motion (Cicchino & Rakison, 2008) , and even social interactions (Clearfield, 2011) . Recent evidence linking sitting with other developmental changes has emerged as well. Soska, Adolph, and Johnson (2010) found that in conjunction with visualmanual exploration, independent sitting experience was related to the perception of 3D objects 4.5-to 7.5-month-old infants. There is also evidence that sitting is related to manual exploration of objects (Rochat & Goubet, 1995; Spencer, Vereijken, Diedrich, & Thelen, 2000; Soska et al., 2010) and better visuomotor coordination (Bertenthal, Rose, and Bai, 1997) . These findings suggest that in addition to the development of locomotion, the development of sitting may be related to changes in other areas and warrants further consideration in developmental research.
One area of development that may be related to learning to sit is infants' upright face processing. Recent research indicates that during the middle of the first year of life the development of holistic processing of upright faces follows a U-shaped trajectory as the face processing system becomes more attuned to upright over inverted faces (Cashon & Cohen, 2004; Cohen & Cashon, 2001 ). The regression in performance occurs around 6 months of age --around the same age infants on average develop independent sitting (World Health Organization, 2006) . Given this overlap in age and the growing body of research suggesting that action and perception are interconnected, such as sitting and 3D object perception (Soska et al., 2010) , we reasoned that sitting and upright face processing may be interrelated. The goal of the present study was to investigate whether there was a relation between changes in infants' sitting ability and changes in their processing of upright faces.
Holistic face processing (processing a face as a whole) is thought to be a hallmark of "expert-like" face perception. In adults, upright faces, but not inverted faces, are processed holistically (for review, see Maurer, Le Grand, & Mondloch, 2002) . In infants, inversion is shown to affect holistic face processing by 7 months of age (Cohen & Cashon, 2001 ). The development of holistic face processing for upright faces is curvilinear, specifically quadratic (Cashon & Cohen, 2004) : Between 3 and 4 months of age, infants develop holistic processing of upright and inverted faces; around 6 months, they fail to process faces in either orientation holistically; around 7-8 months, infants return to processing upright (but not inverted) face holistically showing the expert-like pattern found in adults.
Reasons for this temporary regression around 6 months are unknown. One hypothesis stems from a set of information-processing principles of infant cognitive and perceptual development (e.g., Cohen, Chaput, & Cashon, 2002; Cohen & Cashon, 2006) , which includes the notion that development involves processing the relations between units of information (e.g., holistic processing of faces), but that additional information can cause infants to process at a lower level. Based upon this approach, Cashon and Cohen (2003; hypothesized that the regression found around 6 months may result from a reorganization of the face-processing system as infants struggle to incorporate new information coming from, for example, improved visual acuity or the addition of social significance of upright faces. There is some indirect evidence to support the idea that upright faces hold more significance than inverted faces around 6-7 months. Gliga et al (2009) found that at 6 months, upright faces hold infants' attention longer than inverted faces even though faces in either orientation attract infants' attention equally initially. Kestenbaum and Nelson (1990) found that 7-month-olds categorize expressive faces if the face stimuli are in an upright orientation, but not if they are in an inverted orientation. It is plausible that that through independent sitting, infants gain a new understanding of the social significance, or meaning, of upright faces, which then overloads the upright holistic face processing system as it tries to incorporate this new information.
In the present study, we tested the hypothesis that sitting ability is related to U-shaped, or quadratic, changes in holistic processing of upright faces. We compared the face processing abilities of infants at four different sitting stages: non-sitters, near-sitters, new-sitters, and expert-sitters. Pilot data indicated that there was substantial overlap in age between non-and near-sitters and between new-and expert-sitters, but not across all four sitting stages: The non-and near-sitters tended to be younger than 6 months, whereas the new-and expertsitters tended to be older than 6 months. Therefore, we used a partial age-held constant design to control for age by recruiting infants into two age-matched groups: (1) non-and near-sitters (22-25 weeks) and (2) new-and expert-sitters (27-32 weeks) (see Figure 1) . Infants' face processing was tested using the "switch" holistic-face-processing task previously used (Cashon & Cohen, 2004; Cohen & Cashon, 2001) . In this paradigm, holistic processing is measured by infants' ability to notice that the internal features of one habituated face have been combined with the external features of another habituated face, that is, whether infants show a novelty preference for the "switch" face. Based upon our hypothesis that learning to sit leads to an information overload, we predicted that infants who had not begun learning to sit (non-sitters) and those who had mastered sitting (expertsitters) would process faces holistically, whereas infants who were learning to sit (near-and new-sitters) would struggle to do so.
Method Participants
One-hundred eleven healthy, full-term infants participated in this study. Participants included 23 "non-sitters" (11 females, M age = 5.37 months, SD = .18), 25 "near-sitters" (13 females, M age = 5.41 months, SD = .19), 35 "new-sitters" (18 females, M age = 6.81 months, SD = .27), and 28 "expert-sitters" (13 females, M age = 6.92 months, SD = .29).
Data from an additional 41 infants were excluded for reasons shown in Table 1 . This seemingly high number of infants' data excluded is not uncommon and is similar to or less than those reported by Cashon and Cohen (2004) . Participants were recruited from a list of infants born in the local metropolitan area provided by the state birth records department. Parents were sent a letter inviting them to participate followed by a phone call. Participants received either a t-shirt or a bib for their voluntary participation. Participants in the final sample consisted of 89% Caucasian American infants and 9% African American infants.
Sitting Classification
Prior to the face-processing task, an experimenter assessed the infants' sitting abilities. Parents placed their infants in an upright sitting position with their legs out in a C or V on a thin blanket on the floor facing the experimenter. Once the infant appeared to be in a stable position, parents were instructed to remove their support to allow the infant the opportunity to sit unassisted. The length of time infants could sit without support was timed in multiple trials. On at least two trials the experimenter engaged the infants by talking to them; on at least two additional trials, the experimenter showed a toy to them or allowed them to hold a toy. Sitting classification was based on each infant's best attempt. Infants were classified as follows: (1) "non-sitters" were infants who were unable to sit upright even if in a tripod position (with at least one hand supporting some of their weight) for more than 2 seconds, (2) "near-sitters" were those who could sit upright unassisted or in a tripod position, 2-10 seconds, (3) "new-sitters" were those who could sit upright, without hand support, for more than 10 seconds and whose parents reported they had been doing so for less than 4 weeks, and (4) "expert-sitters" were those who could sit for more than 10 seconds and were reported as being able to do so for more than 4 weeks. If infants clearly met the sitting classification for a new-or expert-sitter, the assessment ended. In the rare case that it was ambiguous as to whether the infant was self-supported, the experimenter provided an additional trial. Each sitting session was videotaped. A second experimenter provided an independent assessment of each infant's sitting classification for reliability purposes. Disagreements were reviewed by multiple experimenters. If experimenters could not agree unanimously on the classification, that infant's data were not used (n = 3).
Holistic Face-Processing Task
Stimuli and Apparatus-The stimulus set consisted of eight 22 cm × 23 cm color photographs of Caucasian American female faces. Because previous research has shown that infants develop differential processing of own-vs. other-race faces between 3-4 months and 8-9 months of age (Ferguson, Kulfofsky, Cashon, & Casasola, 2009; Kelly et al, 2007) , a set of 8 African American stimuli were used for African American infants. All eight faces were used as habituation and test stimuli across participants, although each infant saw only 4 faces (see Figure 2) . During the habituation phase, each infant saw two faces presented sequentially in a quasi-random order such that no face would be presented more than 3 times in a row. During the test phase, each infant saw a familiar test face (one of the habituation faces), a switch face, and a novel face. The "switch" face was created using Adobe ® Photoshop ® by copying the internal features of one habituation face and pasting them onto the other habituation face (see Cohen & Cashon, 2001 for details). Test order was counterbalanced across infants. The attention-getter, a digital movie of an expanding and contracting green ball accompanied by a "dinging" sound, was displayed to orient infants' attention toward the center of the monitor before each face stimulus presentation.
Face stimuli were presented on a 50" Panasonic color plasma monitor. The experimenter observed infants from an adjacent control room via a hidden closed-circuit camera and recorded looking times on each trial. Stimuli were presented and looking times were recorded using Habit X (Cohen, Atkinson, & Chaput, 2004) . For reliability purposes, a second experimenter collected data offline while viewing a video of each infant. Interobserver Pearson correlations were calculated on habituation and test data for each infant. Data were excluded if they were deemed unreliable (i.e., there was at least a one-second difference in looking times recorded by the online and second experimenter on at least one trial). Data from 5 infants were deemed unreliable. The mean Pearson correlation was r = .
(SD = .01).
Procedure-After sitting ability was assessed, each infant was seated on his or her parent's lap in a dim room 120 cm away from the monitor. Once the infant's attention was captured by the attention-getter, the experimenter presented a face stimulus. Each face stimulus stayed on the screen until the infant looked the entire trial length (20 s) or looked away for 1 s after viewing the face for at least 1 s. The attention-getter returned to the screen when either of these criteria was met. This pattern continued until either the infant's looking time decreased, meeting the habituation criterion (average looking time to 4 consecutive trials is 50% or less than the average of the first 4 trials) or the infant viewed 20 trials (maximum). After the habituation phase, the test phase automatically began and the infant saw the familiar, switch and novel test faces (see Figure 1) . The test trial order was counterbalanced and randomly assigned. In this task, significantly longer looking at the switch test face than the familiar test face is taken as evidence of "holistic processing." The novel test was included to control for infant fatigue. In the event that infants did not look longer at the switch face than the familiar face, it would be important to know if that lack of response were due to overall fatigue or an inability to process holistically.
Results

Preliminary Tests of Age
Mean age in months (with standard deviations) for the four sitting stages are as follows: 5.37 (.18), 5.41 (.19), 6.81 (.27), and 6.92 (.29), respectively. To test whether we were successful in experimentally controlling for age within the younger (22-25 weeks) and older (27-32 weeks) age groups, separate t-tests were conducted. These tests revealed no significant age differences between non-sitters and near-sitters in the younger age group, t (46) = −.76, p = . 45, or between new-sitters and expert-sitters in the older age group, t (61) = −1.51, p = .14.
These findings provide evidence that we were successful in controlling for age experimentally between sitting groups in each of the two age groups.
To investigate further whether age was controlled for between sitting groups within each age groups, Spearman's rank order correlations between age in months and sitting ability were computed (see Figure 1 ). Age and sitting were highly correlated when computed across all four sitting stages (r s = .80, p < .0001). However, when correlations were computed within each of the two age groups, age and sitting ability were not significantly correlated in either age group (r s = .13, p = .39 in the younger age group; r s = .18, p = .16 in the older age group). These preliminary analyses provide clear evidence that age was held constant between sitting groups within the younger age group and within the older age group, thus age of the sitting groups within the older and younger groups was not included in any further analyses.
Tests of Face Processing
To determine whether or not infants in each sitting group processed faces holistically, switch preference scores (equal to looking time during the switch test divided by looking time during the familiar plus switch tests) were calculated and compared to chance (.50). Consistent with our hypothesis, one-sample t-tests revealed that mean switch preference scores were significantly above chance only for the non-sitting and expert-sitting infants (see Table 2 ). These results are consistent with a quadratic trend and indicate that: (1) in the younger group, non-sitters processed faces holistically, but near-sitters did not, and (2) in the older group, expert-sitters processed face holistically, but new-sitters did not. For comparison purposes and to test for infant fatigue, mean novel preference scores (novel divided by familiar plus novel) were also calculated and analyzed. One-sample t-tests revealed that mean novel preference scores were significantly greater than chance for all four sitting groups (see Table 2 ), indicating that infants successfully discriminated the novel from the familiar test faces and were not fatigued regardless of sitting stage.
To test for a quadratic trend more formally, mean switch preference scores were analyzed in a ANOVA with sitting ability as a between-subjects factor. The ANOVA revealed a significant main effect for sitting stage, F (3, 107) = 2.93, p = .04, partial η 2 = .08, but more importantly, polynomial contrasts revealed a significant quadratic trend for sitting stage, t (107) = 2.62, p = .01, d = .51, 95% CI [0.02, 0.13]. This pattern of results was confirmed in a subsequent similar analysis in which age in months was included as a covariate (using the mean age for all four groups). In this analyses, sitting stage was found to be marginally significant, F (3, 106) = 2.38, p = .07, partial η 2 = .06. More importantly, a significant quadratic trend for sitting stage remained, t (106) = 2.62, p = .01, d = .51, 95% CI [0.02, 0.14]. Age was not found be a significant covariate (p = .74). A similar set of GLM univariate ANOVAs was also conducted on the mean novel preference scores. Again, age was not found to be significant when included as a covariate. In contrast to the findings with the switch preference scores, these analyses did not reveal a significant main effect for sitting stage or quadratic trend, with or without age as a covariate.
Discussion
The present findings provide evidence for a U-shaped relation between sitting ability and upright face processing in infants in the 5-7 month age range. As predicted, it was found that infants who have not yet begun learning to sit (non-sitters) and those who have already mastered sitting (expert-sitters) process upright faces holistically, whereas those who are in the process of learning to sit (near-and new-sitters) fail to do so. Importantly, evidence of this non-linear relation was found when age was controlled for experimentally with each age group (i.e., by comparing age-matched non-and near-sitters and age-matched new-and expert-sitters) and when age was controlled for statistically across all four sitting stages (i.e., when age was entered as a covariate in the quadratic trend analyses for all sitting groups).
This quadratic pattern found here replicates the age-related U-shaped developmental curve previously found by Cashon and Cohen (2004) . Although the present findings do not completely exclude age as a factor (given that we recruited infants into two age ranges), they do suggest that learning to sit is at least one factor involved in the curvilinear trend. Based upon an information-processing approach and the principles put forth by Cohen and colleagues, we believe that learning to sit independently may contribute to their learning about the significance of upright faces, which temporarily causes the face processing system to become overloaded until it reorganizes with the new information about upright faces. Another possibility, however, is that the holistic face processing system is connected to the postural control system. If connected, as sitting develops and the postural control system is temporarily disorganized, the holistic face processing system also would be temporarily disrupted. This explanation is consistent with an embodied cognition or dynamical systems approach (e.g., Anderson, 2003; Barsalou, 1999 Barsalou, , 2008 Niedenthal, 2007; Smith & Semin, 2004) . At this point, we can only speculate as to which of these factors, or combination of factors, may be involved in the non-linear relation found here between sitting and upright holistic face processing. Future research investigating the role of infants' understanding of the social meaning of upright faces might help us shed light on which of these explanations is more likely to be correct.
Another important issue that should be considered in future research is whether the development of sitting is related to other aspects of face processing or even visual cognition. In the present study, sitting ability was found to be related to infants' switch preference scores (a measure of face holistic processing) but not their novel preference scores (a measure of infant fatigue, but also a measure of face discrimination). These findings indicate that all aspects of face perception may not be related to sitting, at least in the same way. It is possible, for example, that the differential pattern is due to one face type (i.e., the switch face) being more difficult to process than the other (i.e., the novel face), and therefore more susceptible to information overload brought about by learning to sit. To further explore this issue, future work should include a longitudinal study of the development of different aspects of processing-face, visual, and social-as infants' sitting abilities develop.
In the larger context, the findings add to the growing list of studies showing connections between action, perception and cognition during development, including sitting (e.g., Soska et al., 2010) . However, the present findings are also unique in that they reveal a U-shaped relation. Most developmental changes that have been found to occur with physical changes are positive (but see Berger, 2010; Chen, Metcalfe, Jeka, & Clark, 2007; Corbetta & Bojczyk, 2002 ; for examples of U-shaped developmental curves within one domain, see Berko, 1958; Brown, 1973; Brown, Cazden, & Bellugi, 1969; Ervin, 1964; Gershkoff-Stowe & Thelen, 2004; Namy, Campbell, & Tomasello, 2004; Thelen & Fisher, 1982; Morton & Johnson, 1991) . Corbetta and Bojczyk (2002) and Chen, Metcalfe, Jeka, and Clarke's (2007) findings are U-shaped and, in this way, more similar to the present findings. Corbetta and Bojczyk found that when infants are learning to walk, they return to reaching with twohands instead of one. Importantly, their infants were tested while sitting down and not while trying to walk. In the present study, infants' face processing was associated with sitting ability in general, not their ability to sit independently while viewing faces, as each was supported on a parent's lap during the face processing task. The authors hypothesized that the temporary return to two-handed reaching may reflect a reorganization of the neuromotor system that occurs while infants are trying to master walking. Similarly, Chen et al. (2007) found that when infants are learning to walk, their sitting ability is briefly (less than 1 month) disrupted displaying greater postural sway when sitting during this time of transition. Chen et al. posited that learning to walk forces the postural control system to recalibrate to include new sensorimotor information from walking. According to Chen et al., changes in postural control will affect other physical skills that involve an internal model of postural control. Regarding the present study, the question remains whether the postural control system may be directly connected to the face processing system in this way as well.
On a final note, we acknowledge that the current results should be interpreted with caution. Because we could not randomly assign infants to groups with different sitting abilities, this was essentially a correlational study. We cannot be certain that learning to sit causes changes in holistic face processing. It is possible that the related changes in sitting and face processing are caused by some other factor, such as maturation. At this point, we believe the best explanation is that learning to sit leads to information overload in the upright face processing system as infants try to incorporate new information about the meaning of upright faces; however, we acknowledge it is possible that an embodied cognition approach may also hold the answer. Either way, we posit that sitting may play a larger role in infants' cognitive and perceptual development than previously realized and suggest that sitting, as well as other aspects of physical development, should not be overlooked as factors to consider in future developmental research. Scatterplot of age by sitting stage in the younger (22-25 weeks) and older age groups (32-37 weeks). Examples of stimuli in habituation and test phases. Colored stimuli were used in the actual experiment. Note. All tests were two-tailed. * p < .05, ** p < .01, *** p < .001
